Introduction {#s01}
============

Sleep disturbance is a common occurrence in post-surgical patients, particularly in those admitted to the intensive care unit (ICU)^\[[@b1]--[@b2]\]^. The significance of studying postoperative sleep disturbances is highlighted by poor sleep being a frequent complaint of patients who have recovered from critical illness^\[[@b3]--[@b4]\]^. Postoperative sleep disturbance occurs due to the complex interactions of numerous factors, many of which can be attenuated. If not managed, postoperative sleep disturbance can lead to delayed recovery and increased morbidity. While postoperative sleep disturbance itself is well recognized, its adverse effects on patients are not. Perioperative management of patients is a relatively neglected field of research. Through raising the awareness of this topic, we hope to stimulate interest and research into this important area. In this article, we reviewed sleep disturbance after surgery, as well as its preventative measures and proposed many more new perspectives for future studies.

Natural sleep pathway {#s02}
=====================

Sleep is a process in which rest and recovery occurs in addition to information processing and memory. Sleep can be divided into rapid eye movement (REM) and non-rapid eye movement (N-REM) sleep. N-REM can be further subdivided into N1, N2, and N3. Each stage differs in their electroencephalogram (EEG), electromyogram (EMG) and electrooculogram (EOG). Sleep begins with N-REM at N1 (light sleep). This light sleep stage accounts for 5%--10% of total sleep in adults, N2 accounts for 45%--55%, and N3 for 15%--25%. N3, the most restful stage, is also called deep sleep or slow wave sleep (SWS). REM sleep accounts for 20%--25% of total sleep in adults, whereas N-REM sleep accounts for the rest. One 90-minute cycle goes from N1, N2, N3, N2 and then REM (***[Fig. 1](#Figure1){ref-type="fig"}***).
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Influence of surgery on postoperative sleep {#s03}
===========================================

Severe sleep deprivation following surgery has been well characterized in terms of changes of the sleep cycle^\[[@b5]\]^. Polysomnographic studies have shown disturbances, including decreased total sleep time by up to 80%^\[[@b5]--[@b6]\]^, fragmented sleep and either a decrease or complete loss of REM and N3 sleep^\[[@b5],[@b7]--[@b9]\]^. The absence of rapid eye movement can be explained by pain triggered by inflammation^\[[@b10]\]^. Changes in the state of consciousness by becoming withdrawn or hyperaware due to the presence of a foreign environment can also contribute^\[[@b11]\]^. A study conducted by Chung *et al* observed postoperative sleep changes in obstructive sleep apnea (OSA) and non-obstructive sleep apnea (non-OSA) patients. They found that the sleep efficiency, REM sleep and N3 sleep were affected on the first night after the surgery. REM sleep was reduced in both OSA and non-OSA by 18% and 20% respectively but improved back to baseline by night seven^\[[@b12]\]^. Some studies found that REM sleep was completely absent on the first postoperative night and remained reduced on the second and third nights as well^\[[@b5]--[@b6],[@b13]\]^. SWS was depressed by 10% on the first night postoperatively and was back close to the baseline by night three. One study showed complete absence of SWS during the first two nights after surgery^\[[@b6],[@b14]\]^. Interestingly, Chung *et al* noticed a rebound effect on REM sleep where an increase of 4% above the baseline occurred on night seven^\[[@b12]\]^.

Surgical inflammatory response {#s04}
==============================

The inflammatory response following surgery is complex and involves both the innate and adaptive immune system^\[[@b15]\]^. Major surgical trauma is thought to be accompanied by a period of postoperative immunosuppression, which predisposes to infection^\[[@b15]--[@b16]\]^. The postoperative inflammatory response causes neuroinflammation^\[[@b17]\]^ and it is likely that this contributes to the postoperative sleep disturbances that surgical patients experience. Tumor necrosis factor (TNF) and interleukins are mediators of the inflammatory response which have been best described^\[[@b18]\]^. TNF and interleukin-1 (IL-1) have been most studied in relation to sleep. Injection of exogenous TNF or IL-1 is able to induce all the symptoms associated with sleep deprivation^\[[@b19]--[@b20]\]^. Administration of IL-1 into the lateral ventricle of rabbits resulted in the suppression of REM sleep, increased non-REM sleep and hyperthermia, which is similar to the changes observed in postoperative patients^\[[@b21]--[@b22]\]^. The sleep disturbance observed was attenuated by the pre-treatment with a IL-1 receptor antagonist^\[[@b22]\]^. Interleukin-6 (IL-6) is also implicated in sleep regulation. Circulating IL-6 levels at night have been correlated with quality of sleep with its high levels associated with a disrupted and that superficial sleep whilst its low levels were associated with a good and deep sleep^\[[@b23]\]^. Some cytokines involved in the surgical inflammatory response likely play a role in the disturbance of postoperative sleep. Laparoscopic surgery induces a less potent surgical inflammatory response than open surgery^\[[@b24]\]^. This may help explain why fewer changes in EEG-sleep pattern were observed after laparoscopic cholecystectomy^\[[@b6]\]^.

Severity of surgical trauma {#s05}
===========================

Postoperative sleep disturbances are correlated to the magnitude of surgery, with major surgery having the greatest sleep disturbance. The suppression of REM sleep and SWS is greater in major surgery (gastrectomy) than in minor surgery (hernia repair)^\[[@b13]\]^. Patients who underwent open cholecystectomy had severe sleep disturbances with decreases in REM and SWS^\[[@b14]\]^, whereas patients who underwent laparoscopic cholecystectomy experienced no change in REM sleep and a minor change in SWS^\[[@b6]\]^. Questionnaires of patients having undergone surgery reveal the highest incidence of postoperative sleep disturbance occurs after major surgery^\[[@b13],[@b25]\]^. The duration of surgery is also correlated with the degree of postoperative sleep disturbance^\[[@b13]\]^.

Pain {#s05.01}
----

Pain is the most common cause of night-time postoperative disturbance^\[[@b25]--[@b26]\]^ and analgesics were the best intervention for helping patients get back to sleep^\[[@b25]\]^. Opioids are effective at relieving postoperative pain; however, they worsen postoperative sleep through decreasing REM stimulating arousal and awakening responses^\[[@b9],[@b27]--[@b28]\]^. Short-acting opioids are linked to pain-related sleep arousal and the addition of a background opioid failed to improve sleep and was associated with more adverse events^\[[@b29]--[@b30]\]^. The DREAMFAST found that a patient-controlled analgesia combination of alfentanil and morphine providing both rapid and slow acting analgesia did not improve postoperative sleep^\[[@b31]\]^. When pain is controlled through the use of non-opioids, patients still suffer from sleep disturbance^\[[@b32]\]^.

Anesthesia causing sleep disturbance {#s05.02}
------------------------------------

Anesthesia has a minor role in the development of postoperative sleep disturbance. Anesthesia causes similar postoperative sleep disturbance patterns, including decreased REM and SWS, decreased total sleep time and increased sleep fragmentation, regardless of whether the anesthesia is regional or general^\[[@b8],[@b33]--[@b34]\]^. Some studies which have reported relative benefits of regional anesthesia on postoperative sleep may be explained through reduced perioperative opioid consumption compared to patients who had general anesthesia^\[[@b12],[@b35]\]^. Additionally, in healthy volunteers, general anesthesia had no effect on REM sleep and only a minor effect on SWS^\[[@b36]\]^. Therefore, anesthesia is of minor importance in the pathogenesis of postoperative sleep disturbance when compared to other factors such as the surgical inflammatory response, the severity of surgical trauma and the presence of postoperative pain (***[Fig. 2](#Figure2){ref-type="fig"}***). Further evidence that anesthesia is not a major factor in the development of postoperative sleep disturbance is that similar changes in sleep occur in non-surgical patients in a variety of pathologies including acute myocardial infarction, acute stroke, heart failure and ICU patients^\[[@b37]--[@b40]\]^.

![The factors contributing to postoperative sleep disturbance.](jbr-34-4-271-2){#Figure2}

Anxiety {#s05.03}
-------

Preoperative and postoperative anxiety has been shown to contribute to postoperative sleep disturbance^\[[@b26]\]^. Preoperative anxiety can increase perioperative pain, intraoperative anesthetic requirements and patient distress^\[[@b41]\]^. Postoperative anxiety has been less well studied than preoperative anxiety. Postoperative anxiety has been found to be associated with moderate to intense postoperative pain, American Society of Anesthesiologists (ASA) Ⅲ physical status, minor psychiatric disorders and preoperative anxiety^\[[@b42]\]^. Systemic multimodal analgesia and neural-block analgesia have both been found to be protective against postoperative anxiety^\[[@b42]\]^.

Other postoperative factors {#s05.04}
---------------------------

Environmental factors are a common cause of sleep disturbance in the hospital setting, particularly in ICU. Environmental factors include noise, light and night-time observations and interventions on patients. Noise is of particular interest, as it is the most commonly cited cause of sleep disturbance in critically ill patients^\[[@b43]--[@b44]\]^. The World Health Organization (WHO) guidelines for noise levels in the ICU state that average levels should not exceed 30 dB during day or night and peak levels at night should not exceed 40 dB^\[[@b45]\]^. Noise levels in ICU have frequently been shown to exceed these levels, with peak levels often exceeding 80 dB^\[[@b46]--[@b47]\]^. Noise levels in general surgical wards can also exceed 70 dB^\[[@b48]\]^. Nocturnal light exposure is another factor, which detrimentally affects sleep through disruption of the circadian rhythm. Nocturnal light levels as low as 40 lux are able to disrupt sleep architecture^\[[@b49]\]^. Nocturnal light levels were measured in 4 ICUs with mean levels of 128 to 1445 lux^\[[@b46]\]^. These levels are high enough to suppress melatonin secretion and disrupt sleep. Other factors that may adversely affect sleep include the need to use the toilet, nausea and fever^\[[@b26]\]^.

Harmful effects of postoperative sleep disturbances {#s06}
===================================================

Effect on postoperative recovery {#s06.01}
--------------------------------

Postoperative sleep disturbance promotes the development of a catabolic state, which has an adverse effect on postoperative recovery^\[[@b50]--[@b51]\]^. The impact of sleep disturbance has been best characterized in the ICU setting, where it has been associated with delayed recovery, longer hospitalization and prolonged negative effects on patients\' health and overall quality of life^\[[@b2],[@b52]--[@b53]\]^. The quality of sleep on the first night postoperatively was found to be an important determinant of duration of hospital stay in patients following abdominal hysterectomy. A high quality of sleep was associated with a shorter hospital stay \[(42±16) hours\] while a longer hospital stay \[(54±10) hours\] occurred in those who perceived poor sleep^\[[@b35]\]^. There have been two studies on patients receiving total knee arthroplasty, which explored the impact of postoperative sleep disturbance on recovery. One study found that postoperative sleep disturbance was an independent predictor of functional impairment at month 3 after the surgery, and the other study found that improved sleep quality through treatment with zolpidem increased patient\'s recovery and active range of movement after the surgery^\[[@b54]\]^.

Impairment of cognitive function {#s06.02}
--------------------------------

Postoperative cognitive dysfunction (POCD) is a common occurrence in the elderly, and belongs to disorders which affect orientation, attention, perception and consciousness that develop after surgery. After major surgery, the incidence of POCD is estimated between 7% and 77%^\[[@b55]\]^. Postoperative sleep disturbance in patients following arthroplasty or non-cardiac surgery is associated with an elevated risk of postoperative delirium. Delirium is very common in ICU patients for a multitude of reasons including postoperative sleep disturbance. Multimodal interventions to prevent delirium in older hospitalized patients, which include minimizing sleep disruption, appear effective in reducing its incidence^\[[@b56]--[@b57]\]^.

Influence on pain {#s06.03}
-----------------

Postoperative sleep disturbance has a reciprocal effect on pain. Pain disrupts sleep, and poor sleep increases pain sensitivity^\[[@b58]\]^. One hour of sleep loss is sufficient to cause altered pain perception^\[[@b59]\]^. Disturbed sleep in patients prior to breast surgery has been shown to be associated with increased postoperative pain^\[[@b60]\]^. Studies of burn patients found that nights of poor sleep predicted greater pain and analgesia use the following day, and days with increased pain and analgesia use predicted poor sleep the following night^\[[@b61]--[@b62]\]^. Interventions aimed at improving sleep quality appear to reduce pain symptoms^\[[@b63]--[@b64]\]^.

Cardiovascular effects {#s06.04}
----------------------

Chronic poor sleep is a risk factor for both cerebrovascular and cardiovascular disease. Conditions that disrupt sleep include obstructive sleep apnea which predispose to thrombotic events and arrhythmias^\[[@b65]--[@b67]\]^. Sleep deprivation activates the sympathetic adrenergic system, which induces pro-inflammation and blood pressure surges that are associated with accelerated atherosclerosis^\[[@b68]\]^. A prospective cohort study of 388 patients following percutaneous coronary intervention found an association between the number of symptoms of poor sleep and the occurrence of major cardiac events, including myocardial infarction, repeat revascularization and cardiac death^\[[@b69]\]^.

Preventive strategies {#s07}
=====================

Dexmedetomidine {#s07.01}
---------------

Dexmedetomidine is a highly selective α~2~-adrenoreceptor agonist with sedative, analgesic and anxiolytic properties^\[[@b70]\]^. Dexmedetomidine is increasingly used for ICU patients^\[[@b71]\]^. Dexmedetomidine attenuates several factors that contribute to postoperative sleep disturbance including surgical inflammatory response^\[[@b72]\]^, postoperative pain and increased opioid consumption^\[[@b72]--[@b73]\]^. Dexmedetomidine activates an endogenous sleep-promoting pathway, which is responsible for its sedative properties^\[[@b74]\]^. Night-time infusion of a sedative dose of dexmedetomidine improved sleep architecture and sleep efficiency^\[[@b75]\]^. Low-dose dexmedetomidine given to non-ventilated elderly patients in ICU following non-cardiac surgery increased the percentage of stage N2 sleep, sleep efficiency, total sleep time and subjective sleep quality^\[[@b76]\]^. Long-term follow-up of these patients revealed better cognitive function and quality of life in 3-year survival of the dexmedetomidine group than that of the placebo group^\[[@b77]\]^. The intraoperative or postoperative use of dexmedetomidine for sedation or postoperative analgesia has been shown to improve postoperative sleep through increasing total sleep time, sleep efficiency and subjective sleep quality in a variety of surgical patients^\[[@b78]--[@b80]\]^.

Melatonin {#s07.02}
---------

Melatonin is a neurohormone produced by the pineal gland predominantly responsible for the regulation of the circadian rhythm in mammals^\[[@b81]\]^. Under physiological conditions, melatonin levels exhibit a pattern of a high blood concentration at night and a low concentration during the day. Postoperative sleep disturbance is associated with decreased nocturnal melatonin secretion, which gets normalized after 14 days^\[[@b82]--[@b83]\]^. Meta-analyses have confirmed that exogenous administration of melatonin may be both effective and safe in the management of secondary sleep disorders by increasing the total duration of sleep and reducing sleep latency, whilst keeping sleep architecture intact^\[[@b84]--[@b85]\]^. However, it is important to note that, whilst evidence suggests that melatonin induces sleep and beneficially shifts the circadian phase, there is significant heterogeneity in the studies investigating these effects^\[[@b86]\]^. In addition, most evidence for the efficacy of melatonin is from postoperative sleep quality questionnaires in adults and children as well as accelerography. In the early postoperative period, melatonin was associated with an improvement in subjective sleep quality and circadian rhythm^\[[@b87]--[@b89]\]^. In addition, a study involving a small sample size of post-prostatectomy patients, pre-operative exogenous melatonin enhanced sleep quality^\[[@b87]\]^, whilst patients following breast cancer surgery also reported an improvement in subjective sleep quality with minimal side effects^\[[@b90]--[@b92]\]^. Overall, whilst there is certainly evidence for the beneficial effects of melatonin in the management of secondary sleep disorders, particularly from qualitative sources, its precise mechanisms remain to be elucidated.

Zolpidem {#s07.03}
--------

Zolpidem is a short-acting nonbenzodiazepine hypnotic drug. Its primary action is sedation, although weak anxiolytic and anticonvulsive effects have been demonstrated^\[[@b93]\]^. Zolpidem is less likely to disrupt sleep architecture than benzodiazepines and may raise SWS and REM sleep to normal levels in patients with disturbed sleep^\[[@b94]--[@b95]\]^. Zolpidem administered for 14 days postoperatively improved feelings of sleep quality, reduced pain scores and reduced analgesic use^\[[@b96]\]^. A recent systematic review found that perioperative use of zolpidem may improve pain control but the evidence is weak and the results are inconsistent^\[[@b97]\]^. There is some evidence that the use of sedative drugs may increase delirium and confusion especially in the elderly^\[[@b98]\]^.

Enhanced recovery after surgery (ERAS) {#s08}
======================================

ERAS is a multimodal, multidisciplinary approach to perioperative care, which has resulted in substantial improvements in clinical outcomes and cost savings^\[[@b99]\]^. The ERAS protocol is underpinned by the latest available evidence for optimal recovery after surgery, and is therefore being constantly updated. There are 24 core elements of ERAS^\[[@b100]\]^ (***[Table 1](#Table1){ref-type="table"}***). Some of the elements that ERAS aims to target have been identified as factors that cause postoperative sleep disturbance. Core component of ERAS that will likely have a positive impact on postoperative sleep disturbance include structured preoperative information aimed at reducing anxiety, preoperative prophylaxis against infection, minimally invasive surgical techniques and the use of multimodal opioid-sparing pain management. Studies using ERAS principles have consistently shown reduced length of stay for patients^\[[@b101]--[@b102]\]^. Meta-analyses have confirmed significant reductions of up to 50% in complication rates^\[[@b103]--[@b104]\]^.

###### The enhanced recovery after surgery (ERAS) protocol

  Preoperative                                         Intraoperative                                                                                                    Postoperative
  ---------------------------------------------------- ----------------------------------------------------------------------------------------------------------------- ---------------------------------------------
  Preadmission information, education and counseling   Standard anesthetic protocol                                                                                      Nasogastric intubation
  Preoperative optimization                            Intraoperative fluid and electrolyte therapy                                                                      Postoperative analgesia
  Prehabilitation                                      Preventing intraoperative hypothermia                                                                             Thromboprophylaxis
  Preoperative nutritional care                        Surgical access (open and minimally invasive surgery including laparoscopic, robotic and trans-anal approaches)   Postoperative fluid and electrolyte therapy
  Management of anemia                                 Drainage of peritoneal cavity and pelvis                                                                          Urinary drainage
  Prevention of nausea and vomiting                                                                                                                                      Prevention of postoperative ileus
  Bowel preparation                                                                                                                                                      Postoperative glycemic control
  Pre-anesthetic medication                                                                                                                                              Postoperative nutritional care
  Antimicrobial prophylaxis and skin preparation                                                                                                                         
  Preoperative fluid and electrolyte therapy                                                                                                                             
  Preoperative fasting and carbohydrate loading                                                                                                                          

Non-pharmacological treatments {#s09}
==============================

Ensuring that noise and light levels are kept to a minimum during the night is an important strategy to minimize postoperative sleep disturbance. The evidence for non-pharmacological treatments for postoperative sleep disturbance as assessed in a 2015 Cochrane review has been found to be of low to very low quality^\[[@b105]\]^. The review found some evidence that the use of eye masks or earplugs may have favorable effects on sleep and the incidence of delirium in adults in the ICU setting^\[[@b105]\]^. A more recent systematic review found that earplugs, eye masks, relaxation training and white noise or music were associated with increased sleep quality, however high quality studies as assessed by the Jadad score were absent^\[[@b106]\]^. A recent randomized controlled trial found that perioperative psychological support increased the postoperative quality of sleep and quality of life in patients following esophagectomy^\[[@b107]\]^. Aromatherapy has been shown in a systematic review and meta-analysis to have a beneficial effect on sleep quality^\[[@b108]\]^. Aromatherapy appears to improve sleep quality in the setting of coronary ICU^\[[@b109]\]^. Despite all these, more high quality studies are required to definitively test the impact of non-pharmacological treatments on postoperative sleep.

Future perspectives {#s10}
===================

Further epidemiological research is necessary to quantify the proportion of surgical patients that develop postoperative sleep disturbance. Further research is required to validate the efficacy of the pharmacological and non-pharmacological treatments discussed in this review and beyond. In particular, for the non-pharmacological treatments, recent systematic reviews have found a paucity of high-quality studies. Dexmedetomidine is a promising pharmacological agent that has shown beneficial effects on postoperative sleep disturbance. Further research should aim to optimize the treatment regimen that will allow maximum benefit in reducing postoperative sleep disturbance. It is likely that a combined approach of pharmacological and non-pharmacological treatment will result in maximal benefit for patients. As further research validates the efficacy of the pharmacological and non-pharmacological treatments discussed, it would be warranted to include these treatments in protocols such as ERAS, in order to further reduce complications and improve recovery after the operation.

Conclusions {#s11}
===========

Postoperative sleep disturbance is a well-recognized phenomenon. Factors that contribute include the surgical inflammatory response, severity of surgery, type of anesthesia, pain, anxiety, and environmental factors such as nocturnal noise and light. However, the effects of untreated postoperative sleep disturbance are not recognized, which include adverse effects on postoperative recovery, cognitive function, cardiovascular function and pain. Relatively small disruptions to sleep are sufficient to cause these adverse effects. The perioperative management of patients\' sleep has been a relatively neglected field of research. Increasing awareness of postoperative sleep disturbance is important to drive research into this important field. Postoperative sleep disturbance is a multi-factorial phenomenon and thus requires a multi-modal prevention and treatment regime. This multi-modal approach should include the alleviation of preoperative anxiety, minimally invasive surgery, effective opioid-sparing postoperative pain management, non-pharmacological approaches such as minimizing night time disturbance, nocturnal light and noise levels, and pharmacological treatment in which dexmedetomidine appears especially promising.All the pharmacological and non-pharmacological treatments discussed in this review require further high-quality research to validate their efficacy before their routine use can be made possible.
